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Growth Through Agricultural Progress 
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COVER PICTURE.—Forty acres 
completed parallel terraces before field 
rearrangement, on the farm of Lawrence 
Leick, Stratford, Wis., in the Marathon 
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Engineering Measures 


In Farm and Watershed Conservation 


TRUCTURES and earthmoving 

are indispensable in the com- 
binations of soil and water conser- 
vation measures used in treating 
the country’s farms and water- 
sheds. 

Conservation planning and 
treatment calls for employment of 
a combination, also, of technical 
skills, including those concerned 
with the design and building of 
carefully engineered structures for 
erosion control and water manage- 
ment. Used in conjunction with 
conservation vegetative and tillage 
practices, they include everything 
from water-controlling terraces to 
farm ponds and improved irriga- 
tion systems on croplands, to flood 
prevention structures and other 
works of improvement in small 
watersheds. 

Whether such engineering mea- 
sures are installed on farm fields or 
range pastures, on watercourses or 
elsewhere, they fit together with 
conservation cropping, woodland, 
and wildlife practices. They have 
been developed through research 
and experience during the last 30 
years for bringing about sound 
land use through erosion control, 
soil improvement, and agricultural 
water management. Structures and 
related measures, designed to the 
most economical proportions prac- 
tieable, are included in conserva- 
tion farm or watershed plans only 
when the need for them is estab- 
lished. They are used for many 
purposes, ranging from checking 
hillside gullies to floodwater reten- 
tion in small streams. 

It is because of their complexity 
and diversity that the solution of 
most soil and water conservation 


By Donald A. Williams 


problems calls for combined know- 
ledge and experience in soils, en- 
gineering, agronomy, range, for- 
estry, biology, geology, and eco- 
nomics. This approach to these 
problems has demonstrated its 
soundness wherever they are en- 
countered, whether it is in provid- 
ing technical aid to farmers and 
ranchers in their soil conservation 
districts, through the Agricultural 
Conservation Program or the Great 
Plains Conservation Program, or to 
community organizations in water- 
shed protection projects. 

All of these activities in which 
the Soil Conservation Service has 
assigned responsibilities require 
substantial engineering services— 
in major proportions where irriga- 
tion, drainage improvements, reser- 
voirs, or other water conservation 
measures are stressed. Perhaps 
the most significant part of the 
national action program of soil and 
water conservation from the en- 
gineering standpoint is small- 
watershed development — already 
totaling between 600 and 700 proj- 
ects being planned or in construc- 
tion—because it involves more 
dams and other structural work for 
flood prevention. 

Conservation engineering skills 
run the gamut from cartography to 
construction, from geology to 
streamflow forecasting from cooper- 
ative snow surveys, in which Serv- 
ice engineers have pioneered in the 


West. They inelude irrigation, 
drainage, flood prevention, and 
erosion-control engineering, and 


soil mechanies. For many years, 
also, the Service’s agricultura] en- 
gineers and other technicians have 
joined machinery manufacturers, 


farmers, and research specialists in 
search of tillage, earthmoving, 
planting, and other equipment 
adapted to conservation farming 
and construction needs. 

Conservation measures that have 
been installed by soil conservation 
district cooperators and other 
farmers reflect the major propor- 
tions of the engineering technolo- 
gies involved. As estimated to date, 
they include: More than 114 mil- 
lion miles of terraces and diver- 
sions; 1,100,000 farm ponds; ap- 
proximately 1 million acres of 
grassed waterways; 35,000 small 
irrigation reservoirs and 55,000 
sprinkler-irrigation systems; im- 
proved water application on nearly 
1114 million acres; proper irriga- 
tion-water use on 414 million 
acres ; land leveling on more than 6 
million acres, and land grading 
and smoothing on nearly 3 million 
acres; water management and con- 
trol practices on almost 25 mil- 
lion acres; and wetland develop- 
ment for wildlife on about a 
quarter of a million acres. 

Installations in watershed and 
flood prevention projects, mean- 
while, include approximately 2,000 
floodwater-retarding structures and 
1,650 miles of stream-channel im- 
provement work estimated as com- 
pleted July 1, 1961. Some 20 group 
irrigation and drainage improve- 
ment jobs include additional canal 
and ditch construction, stream- 
channel improvement, and other 
measures. 

Techniques continue to be im- 
proved by the Service in all aspects 
of conservation engineering, better 
to meet the growing worklcad in 
this field. 
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A New Look For Terraced Fields 


By James J. Coyle 


NCREASING numbers of farm- 
I ers are finding they can protect 
their fields by using a new parallel 
terrace layout that causes them 
little difficulty in operating their 
farm machinery. 

Few farmers question the good 
that terraces do in reducing ero- 
sion by controlling the flow of water 
down sloping, cultivated fields. But 
some landowners have hestitated to 
install them, because of the diffi- 
culty of farming some convention- 
ally terraced fields with the large 
equipment now commonly used. 

This difficulty comes about when 
the area between two terraces is 
wider at some points than at others, 
resulting in point rows that do not 
extend the full length of the ter- 
races. To work these rows, the 
farmer must turn his equipment 
in the planted area. This was not a 
major problem in the days of 
horse-and-mule farming, but turn- 
ing with large tractor equipment 
not only takes time but also causes 
damage to crops when it must be 
done in the planted area. 

There are no point rows when 
the distance between two terraces 
is uniform throughout their entire 
length. Each row extends the full 
length of the parallel terrace, and 
all turning can be done at the ends 
outside the planted area. 

It seldom is possible, however, 
to have all terraces in a field 
parallel. Normally, the parallel 
terraces are in groups of 2 to 10 or 
more, with the odd-shaped terrace 
intervals limited to the areas be- 
tween groups of terraces. On most 
fields, this means that point rows 
will occur in only one or two places 





Note: :—The author is agricultural engineer, 
Soil Conservation Service, Washington, Cc. 
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Part of 100 acres of parallel terracing and stripcropping on Tracy Garrick 
farm, Cope, S. C. 


instead of between all terraces. The 
parts of these odd-shaped areas 
where point rows would occur can 
be planted to permanent vegetation 
if the farmer desires. 

There are a few ground rules he 
will need to follow if he wants 
terraced fields with the smallest 
possible number of point rows: 

All old terraces, turn rows, head- 
lands, and other surface irregular- 
ities should be smoothed down. This 
is done best with bulldozer or 
seraper, so the soil can be placed 
in low spots to even up the field 
surface. 

All swales and draws that are a 
part of the surface drainage 
pattern for the field will need to 
be used as waterways. This may 
call for more waterways than the 
farmer is accustomed to, but they 
are absolutely necessary. Good 
terrace alinement cannot be ob- 
tained if terraces are run across 
these natural drainage swales. The 
waterways are easy to cross with 
present-day power-lift, mounted 
equipment. 


In some fields there are areas of 
steep, rough, or badly eroded land 
that must be taken out of cultiva- 
tion in order to have a good terrace 
system. These areas can be pointed 
out by the technician as he runs 
the lines. 

The farmer who is willing to 
abide by these ground rules is re- 
warded with terrace systems that 
are very little more trouble to work 
with large equipment than an un- 
terraced field would be. In addi- 
tion, he has the satisfaction of 
knowing that his fields are pro- 
tected against erosion. 

Georgia farmers are among those 
who have turned extensively to 
parallel terracing. On the Carl 
Bowen farm in Dooly County, for 
example, the old terraces had been 
run from field boundary to field 
boundary, crossing several natural 
swales. All areas between terraces 
were irregular in width, and a 
high percentage of the field area 
was in point rows. Bowen’s old 
terraces were smoothed-down and a 
new system installed, using the 
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natural swales as vegetated water- 
ways. This layout eliminated all 
point rows except in three small 
areas. 

Ralph Burton is another Dooly 
County farmer who had a field of 
old terraces removed and new ones 
installed. With the old terrace 
system, a large part of the field 
was in point rows. In the new 
system, most of the terraces are 
parallel, and there are only two 
small areas in point rows. 

Since the first work of this type 
in Georgia was done in 1957, ap- 
proximately 4,000 miles of parallel 
terraces have been built. Enthusi- 
astic Georgia farmers have acquired 
several hundred pieces of special 
equipment to help them install and 
maintain their improved terrace 
systems, including land levelers, re- 
versible plows, and large and small 
scrapers. Equipment companies 
have held some 40 demonstrations 
on terracing, land smoothing, and 
waterway construction. 














Old terrace pattern on Carl Bowen 
field in Dooly County, Ga. 


Some of the first work on im- 
proved terrace alinement was done 
by Soil Conservation Service tech- 
nicians in Iowa as early as 1949. 
Since that time, more than 2,000 
miles have been built by Iowa 
farmers. Part of the work in this 
State has been on fields with very 
irregular topography. This has re- 
sulted in the need for considerable 
cutting and filling along the ter- 
race line, to keep the terrace grades 
within allowable limits that would 
not cause erosion of the terrace 
channel. 

A system of level terraces was in- 
stalled on the Eural Anderson 


farm near Silver City in Mills 
County, using the cut-and-fill pro- 
cedure. If the terraces had been 
constructed in the conventional 
manner, about 28 percent of his 
entire field would have _ been 
occupied by point rows; whereas 
the point-row area was reduced to 
approximately 7 percent of the field 
area by cutting and filling to get 
better alinement of the terraces. 
The same technique for building a 
system of graded terraces on the 
Fred Link farm near Farrar elim- 
inated nearly all point rows for 
him. 

Farmers in Alabama have made 
the greatest progress in adopting 
the new method of terracing. Since 
the first such installation in 1952, 
approximately 12,000 miles have 
been constructed. Olaff Ivey of 
Houston County was the first 
farmer in the State to build parallel 
terraces. His comments are typical 
of those voiced by farmers wher- 
ever such terrace systems have been 
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Re-terraced field after old terraces 
were smoothed down. 


installed : ‘‘ After running my cot- 
ton picker on _ parallel-terraced 
fields, I feel like I am ruined when 
I get on fields not having terraces 
parallel. When you turn the cotton 
picker around in the field to pick 
up short rows, you strip off many 
limbs and bolls and mash down 
stalks, and the unopened bolls rot.’’ 

J. S. Bradshaw of Cottonwood 
had this to say: ‘‘This is the easi- 
est crop I have made since I have 
been on this farm. I can run out 
on that waterway and turn around 
without stopping. My parallel 
terraces and waterways are not for 
sale.’’ 





(Upper) Shaded areas would be in 
point rows in old terrace layout. 
(Lower) Map of same Eural Anderson 
field in Mills County, Iowa, showing 
point rows reduced by land smoothing. 


And C. B. Crowley of Ashford 
agreed that ‘‘It is easier to operate 
my machinery on fields where I 
have parallel terraces. I also save 
time in planting and harvesting.’’ 

South Carolina farmers also are 
going in for improved terrace 
alinement. Something like 1,000 


miles of the newly designed terraces 
have been built since 1955—more 
than 250 miles in the past year 
alone. Many new peach orchards 





The only point rows in Will McSwean’s 

parallel-terraced field near Ozark, 

Ala., are in left background. Terraces 

spill into waterways and grassed 
berder strips. 
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in South Carolina have been 
planted on fields with newly con- 
structed parallel terraces. In or- 
chard layout, the waterways are 
made extra wide, so that harvesting 
equipment can travel along the 
outer edges without damaging the 
center position where water will 
flow. South Carolina farmers also 
have found that parallel terracing 
and striperopping work well to- 
gether. Farmers in many other 
States are making worthwhile 
progress in parallel terracing with 
the assistance of Soil Conservation 
Service technicians made available 
through their soil conservation dis- 
tricts. Not all problems have been 
solved; but it has been found that 
terrace alinement can be greatly 
improved in practically all cases 
by planning the terrace system to 
fit the natural drainage pattern of 
the land, and by following the few 
‘‘eround rules.”’ 


Soil Compaction 
Reduces Yields 


Excess soil compaction cuts crop 
yields, sometimes as much as 54 
percent, as shown by findings in a 
two-year study of the value of 
minimum tillage at the University 
of Minnesota. 

Soil surfaces were packed with a 
heavily loaded truck, and the plow 
layer with a special weighted wheel. 
The resulting compaction produced 
soils with less air space and harder 
penetrability, much like that which 
oceurs from overuse of field 
machinery. 

In field trials with the experi- 
mentally packed soil, potato yields 
dropped 54 percent. Packing also 
reduced wheat and _ sugarbeet 
yields 13 percent and cut corn 
yields 7.5 percent, 

When both surface soil and plow 


layer were packed, corn yields 
dropped 14.5 percent. 
° 


Farm fires caused losses esti- 
mated at $165 million during 1960, 
says the Agricultural Reseach Ser- 
vice. 
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DAM OVERHAULED 
By “Arctic” Engineering 


By Harold W. Bradford and Truman G. Spannagel 


es served by the Monte- 
zuma Valley Irrigation Com- 
pany in southwestern Colorado 
have enjoyed a far more stable 
supply of :water for three years 
now because they modernized their 
irrigation system by rehabilitating 
their more than 50-year-old 
Narraguinnep Reservoir. 

Overhaul of this irrigation old- 
timer, along with the entire system, 
was accomplished through the 
Dolores Soil Conservation District 
with technical help of the Soil Con- 
servation Service. It was a mid- 


winter achievement calling for 
tricks worthy of arctic engineering 
techniques. 


Most of the farming in this part 
of Colorado, famed for its ancient 
Mesa Verde cliff dwellings, is at 


an altitude of between 6,000 and 
7,000 feet. The growing season is 
short, the winters usually are long 
and cold, and most of the moisture 
comes in winter snows. Irrigation 
is vastly important to the area’s 
economy. 

Irrigation water for most of the 
eounty’s feed and grain crops 
comes from the Dolores River, 
which rises in the rugged, snow- 
cowled San Juans to the north and 
east. It reaches the farmlands by 
way of the Montezuma Valley Irri- 
gation Company’s system of canals 
and ditches. From the beginning 
of irrigation in the valley, a more 
stable flow has been a pressing 
need. In spring, fast snowmelt has 
sent torrents downstream. In 
summer, when crops still needed 





Nearly 20 inches of snow failed to halt construction of the Narraguinnep dam. 
Equipment ready to pour concrete for a conduit section. 
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water, there nearly always has been 
a shortage. 

The company built Narraguinnep 
Reservoir in 1907, with 9,250 acre- 
feet of storage. It also built Totten 
Reservoir about the same time, but 
it was unsatisfactory and was 
abandoned. A reservoir the com- 
pany built in 1937 on Groundhop 
Creek 35 miles upstream also was 
largely a disappointment, because 
its 21,000 acre-foot capacity rarely 
has been more than half-filled ; but 
it does serve areas water flow from 
Narraguinnep can’t reach. 

Narraguinnep itself gave trouble 





Crane ready to make the third pour on 
well tower for the dam. 


almost from the start. There were 
seeps and occasional sloughing of 
the upstream surface of the dam. 
Finally, a big seep developed, and 
the owners were worried about the 
dam’s safety. 

An agreement with the Dolores 
district outlined all phases of ac- 
tion needed to develop a modern 
irrigation system furnishing water 
to approximately 35,000 acres of 
land owned by 700 farmers, a 
large percentage of whom have 
basic conservation farm plans. The 
measures they are using include 





Note:—The authors are, respectively, work 
unit conservationist Cortez, Colo., and 
engineer, Glenwood Springs, Colo., both of the 
Soil Conservation Service. 





The reservoir is nearly full a few weeks after completion of the dam. 


land leveling, new irrigation struc- 
tures, conservation cropping sys- 
tems, adequate crop-residue use, 
fertility maintenance, and efficient 
use of irrigation water. 

Studies by Soil Conservation 
Service men assigned to provide 
technical help to the district showed 
that the capacity of the Narraguin- 
nep Reservoir could be increased 
feasibly by 10,000 acre-feet, or to 
a 19,000 acre-foot total, despite the 
fact there were such problems to 
deal with as layers of porous sand- 
stone and a major fault in the 
geologic formations. Studies of site 
conditions by Service geologists and 
soil scientists supplied the infor- 
mation needed by the engineers in 
design and construction. 

The SCS engineers and the irri- 
gation company agreed that, in 
order to get the increased capacity, 
the reservoir level would have to be 
raised 20 feet.-To do this would re- 
quire three dikes, in addition to 
the added height of the dam. The 
engineers decided to relocate the 
Lone Pine Lateral on the north 
and northwest shore. Three new 
drop structures were designed to 
stabilize the canal grade. This 
work was done by the company 
maintenance crew. 

The Colorado Highway Depart- 
ment wanted to use the dam as part 
of a State highway asphalt link, 


meaning a wider crest on the dam 
than otherwise would have been 
needed, at an added cost of $29,362, 
borne by the highway department. 

A contractor with wide experi- 
ence in high-altitude, wintertime 
construction went to work in 
November 1956. He had 120 work- 
ing days in which to complete the 
nearly half-a-million-dollar job, be- 
fore the start of the irrigation 
season. 

The winter began with unusual 
eold, and heavy snows followed— 
18 inches in one storm. Because 
frozen earth could not be used in 
the embankment, the contractor 
put on around-the-clock shifts. By 
using various devices to combat 
frost and snow, he succeeded in 
completing the job on June 17, 
1957, at a total cost of $495,317, or 
a cost of roughly $50 an acre-foot 
to the irrigation company for its 
added water capacity. 

Snow had to be hauled from the 
embankments after each storm, to 
prevent any variation from the de- 
sired moisture content of the 
material. Material that became too 
moist was removed, and dried or 
mixed with dry material and re- 


placed. 
The old conduit tunne] was 
straightened, enlarged, and ex- 


tended with reinforced concrete, 
each section being covered with 
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plastic sheets to keep it warm dur- 
ing low-temperature periods. 

Finally, sand-and-gravel em- 
bankment ‘‘blankets’’ were rip- 
rapped with rock. 

With the other improvements 
they have been making as coopera- 
tors with their soil conservation 
district, Montezuma Valley farmers 
are obtaining profitable returns 
from more efficient farming oper- 
ations, through the conservation 
use of both their soil and their 
water resources. 


Fallout Shelters 
For Farm Animals 


How can a farmer protect his 
animals from radioactive contami- 
nation in case of nuclear attack? 
Henry B. Thompson, test officer 
for the Maryland Civil Defense 
Agency, says animals can survive 
as well as farmers if adequate pre- 
cautions are taken. 

A special shelter for animals is a 
good idea, he says. Several feet of 
hay in an overhead loft or stacked 
around the sides of a barn would 
offer protection. So would a barn 
basement, particularly if earth fill 
is placed against the exposed 
wall. One farmer, Thompson notes, 
has built a shelter around a well— 
a better source of water than a 
stream, pond, or lake in case of 
fallout. 

Some animals, notably donkeys, 
horses, and hogs, resist fallout as 
well as humans and better than 
other animals. Poultry survives 
very well, 

Milk from cows exposed to radia- 
tion can be used safely if the cow 
has not taken contaminated food 
or water, Thompson says. Even 
contaminated milk can be saved, by 
converting it into butter and 
cheese and storing the products un- 
til the radioactivity has diminished. 

The risk of serious contamina- 
tion in eggs is relatively small, and 
would have to be accepted when 
there was a shortage of food. In 
eases of doubt, the eggs should be 
preserved and stored. 
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Geologic Studies Pay Off 


In Conservation 


By A, F. Geiger 


ASIC geologic investigations 

are paying their way many 
times over in soil and water con- 
servation structural and related 
developments over the country. 

Those benefiting include individ- 
ual landowners, irrigation and 
other groups, and communities and 
governments in small-watershed 
protection and flood prevention 
projects. These projects, with their 
dams and other works, have stepped 
up the need for such investigations 
sharply in the last few years. 

In the comprehensive program of 
soil and water conservation for 
which the Soil Conservation Serv- 
ice provides technical aid, its geolo- 
gists are primarily concerned with 
three phases of geology. One is en- 
gineering geology, the study and 
subsurface exploration of founda- 
tions for structures. Another is sedi- 
mentation, or the study of erosion 
and erosional processes, and en- 
trainment, transportation, and dep- 
osition of sediment. The main con- 
cern here is the acceleration of these 
processes which has resulted from 
man’s activities. The third is 
groundwater geology, or the study 
of the movement of water under- 
ground and its availability for use. 

There are many examples of how 
geologic studies have resulted in 
significant savings. Take, for in- 
stance, one of the Public Law 566 
watershed projects in western 
Minnesota : 

During planning, geologic in- 
vestigations of a proposed damsite 
revealed poor subsurface condi- 
tions. Remedial measures necessary 
to make it a safe site would have 





Note:—The author is geologist, Soil Conserva- 
tion Service, Beltsville, Md. 


cost an estimated $132,000. Further 
investigations, however, disclosed 
another site about half a mile down- 
stream with much better subsur- 
face conditions. Some remedial 
measures still were necessary, but 
it was found that they could be 
completed at an estimated cost of 
only $32,000. This difference rep- 
resented a direct savings of $100,- 
000 in eventual construction costs 
in return for the expenditure of 
but a few hundred dollars for 
geologic investigations. 

Such studies helped assure a 
good irrigation well on the ranch 
of R. D. Hadley near Carlin, Nev., 
in the Humboldt River Soil Conser- 
vation District. His ranch is in 
an area where quite a number of 
dry holes and poor wells have been 
drilled. At Hadley’s request, SCS 
geologists explored the surface 
geology of the area. This study 
indicated that the alluvial de- 
posits of Maggie Creek and the 
underlying lava should be well 
supplied with water by seepage 
from intermittent flows in the 
ereek. The problem then became 
one of locating an area where the 
alluvium was permeable enough 
and extensive enough, or where the 
lava flows were cracked and frac- 
tured enough, to yield large quan- 
tities of water. 

To this end, four small-diameter 
test holes were drilled and logged. 
After the logs were studied, it was 
recommended that the large-diam- 
eter irrigation well be drilled near 
the test hole showing the thickest 
section of permeable materials. The 
completed well produces 1,330 
gallons a minute, or enough good- 
quality water to irrigate 130 acres. 
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This acreage produces enough feed 
for Hadley’s breeding herd of cows, 
the core of his livestock business. 

‘*During the three years this well 
has pumped,’’ Hadley said, ‘‘I 
have raised 600 tons of hay I 
wouldn’t have had otherwise, worth 
at least $15,000. In addition, I have 
harvested approximately 750 ani- 
mal unit months of aftermath 
worth approximately $3,750. This 
gives a gross return of $18,750 for 
the three years. To me this is an 
excellent return on my _ invest- 
ment.’”’ 

During the devlopment of the 
watershed work plan for Camp Rice 
Arroyo near E] Paso, Tex., studies 
of sediment in the stream channel 
and of the stream gradient below 
the proposed floodwater-retarding 
structure indicated that serious 
erosion would occur. Sediment de- 
position would cause severe dam- 
age to road and railroad facilities 
and to valuable cropland, and ero- 
sion possibly would endanger the 
structure itself. A grade-stabiliza- 
tion structure was placed in the 
ehannel below the floodwater-re- 
tarding structure and is providing 
protection against these damages. 

In 1957, the Stemilt Irrigation 
District at Wenatchee, Wash., 
needed more irrigation water, be- 
cause of high leakage losses from 
existing reservoirs, and proposed 
to build a new dam on Stemilt 
Creek. After a preliminary inves- 
tigation of the proposed site, the 
SCS geologist recommended core 
drilling to explore the foundation 
further. The detailed exporation 
revealed foundation conditions 
which made impossible the con- 
struction of an economically feas- 
ible dam. As no other damsites 
were available, it was recommended 
that two existing dams be investi- 
gated to see if it would be feasible 
to repair and possibly raise them. 

The leakage areas of these reser- 
voirs were located, and the recom- 
mended measures reduced the leak- 
age from one reservoir by 90 per- 
cent and from the other by 70 to 80 
percent. Further repair will cut 


down the leakage in the latter 
reservoir even more. The geologic 
investigations and repair work cost 
between $30,000 and $40,000 less 
than the proposed new reservoir 
would have cost, and more water is 
being stored by the repaired reser- 
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Drilling the Hadley well. 


voirs than the proposed reservoir 
would have been able to store. 

The city of San Antonio, Tex., 
and the farms in the vicinity obtain 
their water from the underground 
water reservoir of the Edwards 
limestone plateau. The water 





The well in operation. 


supply in the reservoir is being 
depleted at an alarming rate, and 
severe water shortages are predic- 
table within the next 20 or 30 years 
unless something is done. Geologic 
investigations in the Salado Creek 
watershed, just north of the city, 
have revealed an extensive area 
where the limestone is broken by 
a series of faults and cracks. This 
is an area where water from the 
surface has easy access to the un- 


derground reservoir. However, 
much of the surface runoff in this 
area comes in the form of flash 
floods, which carry most of the 
water past the fault zone before it 
has a chance to filter down to the 
aquifers. 

The watershed is being planned 
as a flood prevention and water- 
shed protection project. Some of 
the proposed floodwater-retarding 
reservoirs are to be built so they 
will back water over the fault zone, 
where it can flow directly into the 
aquifer. Several others will be 
built above the fault zone so that 
floodwater, being released slowly 
from the reservoirs, will have a 
better chance to infiltrate as it 
passes the fault zone. 

In this way, an additiona] 3,490 
acre-feet of water will be put into 
the ground each year. This water 
has a value of about $14 an acre- 
foot. About 40 percent of the addi- 
tional water will be used by the 
city of San Antonio, and the rest 
will be available for irrigation and 
stock water. 

Highly valuable agricultural 
land in the Calleguas Creek water- 
shed in Ventura County, Calif., has 
suffered severe damage from de- 
position of infertile sediment from 
the creek. Geologic investigations 
determined that the source of 80 
percent of the sediment was channel 
scour and bank erosion on the main 
channel of Calleguas Creek above 
the damage area. The remaining 
20 percent came from gully and 
sheet erosion in the upper water- 
shed. The eroding portion of the 
channel was treated by putting in 
a series of concrete stabilizers, 
which control the grade of the 
channel and keep water velocities 
down to a non-eroding rate. As a 
result, the sediment problem has 
essentially been alleviated. 


+ 


Census figures show that from 
1950 to 1960 there were a total of 
1,291,000 farms in the U. S. that 
produced over $5,000 gross sales in 
farm produce. 
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Grassed Waterways Boon to Kansas Farm 


By George R. Smith and Grant Woodward 


UGENE O’Trimble thinks his 

grassed waterways give him 
more return acre for acre than any 
other land on the farm. And with 
good reason, because he and his 
sons have been producing from 100 
to 125 bales of hay to the acre, 
plus about 500 pounds of brome- 
grass seed, a year. 

This high return from his water- 
ways doesn’t take into account rid- 
ding his fields of the land-chewing, 
unsightly gullies that they have re- 
placed, nor does it include the 
abundance of good water which 
now serves a farmstead that too 
often was without enough water 
before. 

The O’Trimble farm setup is a 
beef - wheat - corn- milo- bromegrass 
operation in the Jefferson County 
Soil Conservation District in north- 
eastern Kansas. O’Trimble, a 
member of the district board of 
supervisors, grew up on the place. 
The layout of his boyhood has been 
expanded until] the O’Trimbles now 
own 1,100 acres of productive, con- 
servation-treated farm and pasture 
land. One of his sons, Eugene, Jr., 
and his family live on part of the 
farm; and a second son, Robert, 
also takes part in the farming 
operations. 

The O’Trimbles added the new- 
est 160-acre piece to the farm only 
3 years ago. It was real problem 
land. Numerous gullies were gnaw- 
ing up the slope toward the farm 
buildings. Two major gullies had 
nearly reached the property lines, 
making the fields virtually inacces- 
sible to farming equipment; and 
the fields had grown up to weeds 
and elms, with a scattering of 
lespedeza. Referring to the sad con- 
dition that the farm had been in, 





Note:—The authors are, respectively, State 
engineer, Salina, Kans., and agricultural 
engineer, Lincoln, Nebr., both of the Soil 
Conservation Service. 
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veteran conservation farmer 
O’Trimble said : 

‘“Tt’s a shame that everyone does- 
n’t use good conservation farming 
practices. These two larger gullies 
had been allowed to grow until 
they were 10 to 12 feet deep. They 
were full of brush and timber. It 
was a rough-looking mess.’’ 

His formula for taking care of 
such gullied land boils down to this: 
**Get a contractor who has the right 
machinery and who knows his 
business. Get the Soil Conserva- 
tion Service boys to plan and stake 
out the job, and keep an eye on 
things as they progress.’’ Eugene 
and his sons do the smaller con- 
struction jobs themselves, but the 
larger jobs are contracted out to 
local soi] conservation contractors. 

Controlling the big gullies called 
for two large waterways and an 
erosion-control dam. The water- 


ways were designed by Soil Con- 
servation Service engineers to carry 
the estimated peak runoff from a 
10-year-frequency storm at a velo- 
city of 2 eubie feet per second. 
Broad, gently sloping, easy-to-cross 
waterways, accurately engineered 
to dispose of excess water without 
harm to the land, replaced the 
steep-sided, V-shaped gullies that 
had made the farm unprofitable for 
cultivation. 

The dam is a 5,400-yard earth 
fill, with a 24-inch pipe to drop 
overtopping water to the stable 
natural channel below the dam. 
The pipe spillway was designed to 
carry a 5-year-frequency storm 
runoff, taking into account de- 
mands which might be placed upon 
the structure by rainstorms of a 
25-year frequency. Permanent sod 
protection for an emergency spill- 
way is a built-in feature. 





O’Trimble, Sr., admires bromegrass-covered waterway, once a deep gully, in 
April after record March rainfall failed to damage it. 
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The O’Trimbles of Williamson, Kans., 
left to right: Robert, Eugene, Jr., and 
Eugene, Sr. 


From the dam, water is pumped 
through a settling tank, a filtering 
tank, a chlorinator, and a water 
softener to the faucets serving the 
younger O’Trimble family. Al- 
though this added dividend was not 
foreseen when the gully-control 
work began, there now is a depend- 
able supply of good-quality water 
from the reservoir created by the 
erosion-contro] dam. The flow from 
a small spring keeps the water level 
comparatively stable, within a foot 
or two of the drawdown pipe. The 
well at the farmhouse used to 
supply only about two bucketsful 
of water and then stop. Terracing, 
the grassed waterways, and contour 
cultivation on the O’Trimble land 
combine in this and other ways to 
give the operator efficient use of 
the moisture that comes in rain and 
snow. 

O’Trimble has some practical 
advice on how to keep shaped 
waterways from becoming gullies 
again: ‘‘Don’t skimp any place on 
this job. A waterway with a gully 
down the middle puts you right 
back where you started. Shape a 
gully in the early fall. In this 
country, plant bromegrass—we 
broadeast it. Overseed it lightly 
with wheat for a nurse crop. Then 
use enough fertilizer for the job.’’ 

He uses about 100 pounds of ni- 
trogen a year on his waterways. 
‘*Bromegrass, like corn, will stand 
about all the fertilizing you give 
it,’’? O’Trimble has found. ‘‘Give 


this grass here another year and 
nothing will hurt it.’’ 

All natural drains on the 
O’Trimble place have been shaped 
into waterways. This system has 
made possible the use of shorter 
terrace lines, better terrace aline- 
ment, and greater convenience in 
farming operations. The drains are 
highly productive of hay, grass, 
and forage when used as grassed 
waterways, because of the fertility 
of the soi] and the added moisture 
they retain. Untreated, these same 
natural drains would have contin- 
ued to be a hazard as raw gullies, 
being a source of sediment from 
erosion, adding to the difficulty of 
farming operations, and providing 
a source of concentration of weeds 


and other unwanted growth. 

The grassed waterways are not 
the only measure that makes 
O’Trimble sure that soil conserva- 
tion pays. For example, the red 
clover he uses to build up his land 
also furnishes hay for livestock, 
and the past two years he has 
netted $40 to $50 an acre from seed. 
He also figures that the soil and 
water conservation program on the 
newly acquired 160-acre tract has 
added several thousand dollars to 
its value. 

‘“Besides,’’ O’Trimble says, ‘‘the 
money value isn’t everything. It’s 
worth a lot just to stand and look 
at, the way it is now. Grassed 
waterways are a lot more attractive 
than raw gullies.’’ 


OUR CONSERVATION SONG 
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CHOOLCHILDREN in South 

Carolina now are learning 
about conservation with the aid of 
a song. It was written and set to 
music by Mrs. Theo P. Hartin, 
principal of the Arden and John 
P. Thomas elementary schools in 
Columbia, S, C. 

Mrs. Hartin has taught conserva- 
tion of soil, water, woodlands, and 
wildlife to elementary school chil- 
dren for a number of years, and 
has helped with a conservation 
workshop at the University of 


= 
JOM TO - GETHER AND WORK EACH DAY, TO MAKE CONSER-VA-TION REALLY = PAY 


L/ 


South Carolina for several years. 
She also is a member of the South 
Carolina Advisory Council on Con- 
servation Education. 

In 1957, Mrs, Hartin was pre- 
sented the ‘‘Woodmen of the 
World Conservation Award’’ for 
her work in teaching conservation 
of natural resources to children. 
She says, ‘‘I have proved to myself 
that conservation of natural re- 
sources education can be correlated 
with subjects taught in elementary 
grades.’’ 
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Watershed Structures Call For 


Major Engineering Planning 


By Eugene C. Buie and Carroll A. Reese 


ADISON County’s South 

River watershed in Georgia 
provides a typical example of the 
problems which soil and water con- 
servation engineers and _ their 
fellow technicians come up against 
throughout the Southeast and the 
rest of the country in planning 
flood-prevention dams and other 
water-management structures in 
creek-size watersheds. 

These structural works of im- 
provement, in nearly all watershed 
protection and flood prevention 
projects, are essential in comple- 
menting conservation land use 
measures applied by landowners 
on watershed fields, pastures, and 
woodlands. All of these measures 


together call for the combined ef- 


forts of conservation engineers, 
soil scientists, agronomists, range 
conservationists, plant materials 
specialists, woodland conservation- 
ists, biologists, and others, as local 
situations may dictate. 

The Broad River Soil Conserva- 
tion District and Madison County 
officials in May 1955 applied to the 
Secretary of Agriculture for Fed- 
eral technical and financial help in 
developing a small-watershed proj- 
ect as provided in the Watershed 
Protection and Flood Prevention 
Act. Immediately after the State 
Soil Conservation Committee as- 
signed the watershed priority for 
planning early in 1960, a prelim- 
inary investigation was made by 
the Soil Conservation Service, 








SCS Design Engineer Hal Pridgeon 
completing floodwater-retarding struc- 
ture design. 


which has the responsibility of 
carrying out the Department of 
Agriculture’s assistance in water- 
shed projects. 

This investigation was to deter- 
mine whether the project was feas- 
ible. It was necessary to find out 
whether the flooding and other 
problems could be solved by water- 
shed treatment within the scope of 
the Act, and whether the benefits 
to the landowners and the spon- 
soring local community would be 
enough greater than the cost of the 
project improvements to justify go- 
ing ahead. 

The South River project’s ex- 
perience also illustrates how care- 
ful, step-by-step investigation and 
sound planning develop progres- 
sively more accurate and depend- 
able information on which to base 





Note:—The authors are, respectively, water- 
shed planning specialist and design and con- 
struction engineer, Soil Conservation Service, 
Spartanburg, S. C. 
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unal project development. For 
example: 

In making the preliminary inves- 
tigation, 51 potential floodwater- 
retarding structure sites were con- 
sidered. The planning engineer 
determined that existing stream 
channels would have to be enlarged. 
The engineer, the economist, and 
the hydrologist, working as a team, 
identified the damage areas and 
charted a structural program de- 
signed to reduce damage and pro- 
vide an agreed-to level of protec- 
tion to the damage areas. The 
watershed was authorized for plan- 
ning in June 1960, and surveys 
were started immediately. 

Cross sections were surveyed 
across the flood plain at locations 
selected jointly by the hydrologist 
and the economist. Surveys of 
selected floodwater-retarding struc- 
tures and the stream channels were 
made, to provide data for prelim- 
inary design and for cost estimates. 
Surveys to determine storage capa- 
eity of each of the floodwater-re- 
tarding structures were made in the 
detail necessary for use in final 
structure design. Further consid- 
eration of the 51 potential sites in- 
dicated that many of them would 
not be suitable. 

The local people had advised the 
planning party of the minimum 
reduction in flooding which would 
be acceptable to them, and they 
and the watershed planning party 
had agreed on the project objec- 
tives. With these objectives in 





A typical watershed-project channel 
before improvement. 





A floodwater-retarding structure nears completion. 


mind, the engineer, hydrologist, 
geologist, economist, and planning 
party leader selected the flood- 
water-retarding structure sites 
which, along with channel improve- 
ment, appeared most likely to pro- 
vide the protection desired. 

The hydrologist analyzed the 
effect of these structures on the 
depth and area of flooding to be ex- 
pected from storms in the histori- 
eal flood series. He advised the 
engineer of the size channels re- 
quired to reduce flooding enough 
to meet project objectives. After 
the engineer designed these chan- 
nels, an analysis of the expected 
reduction in flooding was com- 


The channel after clearing and snag- 
ging was completed. 


pleted. 

The economist completed the 
evaluation of expected benefits, 
which were compared to the esti- 
mated costs and to project objec- 
tives. The results then were dis- 
cussed with the local people. Ad- 
justments, including the substitu- 
tion of alternate sites and re-eval- 
uations, were made where neces- 
sary. The upshot was that the local 
people and the planning party 
agreed to a proposed project con- 
sisting of 8 floodwater-retarding 
structures that will be the most 
effective and beneficial, and approx- 
imately 100,000 feet of channel 
improvement. 

After any watershed work plan 
is approved for installation of 
works of improvement, the local 
people must obtain the necessary 
easements and rights-of-way for 
each structural measure. As soon as 
these are available, the State con- 
servation engineer begins’ the 
surveys to gather the necessary 
data for the final design of the 
measures. The final design of the 
structures also depends on surface 
and sub-surface investigations, soil 
samples, and physical features. 
When these investigations and 
studies are completed, the dam is 
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The 


ready for the final design. 
construction and material specifi- 
eations then are prepared. 
Channel improvement may con- 
sist of clearing and snagging of the 
existing channel, enlarging it, or 
excavating a new channel. The 
type of any improvement included 
in a watershed work plan is based 
on the degree of protection desired 
and its economic justification. The 
method and intensity of field 
surveys vary with the type of im- 


provement. Where new channel 
construction is planned, borings to 
cetermine what materials may be 
encountered usually are made with 
a power auger along the proposed 
centerline of the channel. 

Actual construction is the test 
of the value of the design and 
plans, and must be of high quality. 
Because Federal money is involved, 
when a construction contract is 
awarded, a Government engineer 
is assigned to the job, with the re- 


NEW WATER MANAGEMENT SYSTEM 
Helps Louisiana Sugarcane Growers 


By Larkin B. Agnew 


GROWING number of progres- 
A sive Louisiana sugarcane 
farmers arg taking a second look at 
combined land grading and new 
V-type ditches as a means to better 
and more economical water man- 
agement in their fields. 

The old surface drainage pat- 
tern, that has remained unchanged 
since Jesuit priests established it 
when they introduced sugarcane 
into Louisiana more than 200 years 
ago, consists of lateral, or ‘‘split,’’ 


ditches running down the slope of 
the land. They usually are 100 to 
250 feet apart, with top widths of 





Type of earthmoving equipment con- 
tractors generally use for “rough” 
land grading. 
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3 to 4 feet, depths of 1.5 to 3 feet, 
and bottom widths of 1.5 to 2 feet. 
They drain into larger  cross- 
ditches and thence into an outlet 
canal, bayou, or swamp. 

Quarter drains carry water 
from the sugarcane rows to the 
split ditches. In contrast to the 
new-type ditches, these quarter 
drain ditches, excavated across the 
cane rows just deep enough to 
give drainage to the row middles, 
must be opened again after every 
cultivation; and the split ditches 
themselves require maintenance 
every few years. The split-ditch 
system was not a particular prob- 
lem as long as cultivation was done 
with mules and an adequate supply 
of cheap hand labor was available, 
but farm mechanization increased 
the maintenance problems. Ma- 
chines have been developed for 
cleaning out these ditches, but at 
considerable expense; and a large 
amount of weed control in the 
split ditches, and maintenance of 
quarter drains, still is done by 
searee and costly hand labor. 

Intensive study was given the 
problem of devising an improved 
drainage pattern, by the Agricul- 
tural Research Service and Soil 
Conservation Service engineers. 
The need was to reduce the number 





sponsibility to inspect all mater- 
ials and determine that the con- 
struction complies with the plans 
and specifications. In addition to 
standing its share of project devel- 
opment costs, the local sponsoring 


organization is responsible for 
maintenance of the completed im- 
provements. Any successful water- 
shed project is the result of such 
cooperative effort of the local 
people and of the technical special- 
ists and all others concerned. 





The kind of split ditches eliminated by 
land grading. 


and the linear feet of ditches to the 
acre, and to design another type of 
ditch. It was decided that a field 
be land graded on a trial basis, 
with V-type ditches installed which 
could be maintained and crossed 
with existing farm equipment. 
Owner Frank H. Carruth, Jr., 
and Manager John C. Best of the 
Margaret Plantation made avail- 
able a 30-acre trial plot on their 
farm in the Upper Delta Soil Con- 
servation District in West Baton 





Note:—The author is area engineer, Soil Con- 
servation Service, Alexandria, 
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Rouge Parish. It was a joint proj- 
ect of the Soil and Water Conser- 
vation Research Division of ARS, 
the Louisiana Agricultural Experi- 
ment Station, and the SCS. The 
design layout and grading were 
done during the summer of 1956. 
The research men have made care- 
ful evaluation studies each year 
since, and found the results en- 
couraging enough that the practice 
of land grading on sugarcane land 
has begun to spread. 

Land grading for drainage 
simply means shaping the land sur- 
face to planned grades determined 
from a grid survey. In addition to 
reducing the number and length 
of the ditches and reducing main- 
tenance costs, low, wet areas that 
tend to drown out the sugarcane 
are eliminated. These wet spots 
may be natural, or they may have 
resulted from failure to dispose of 
spoil dirt from the split ditches 
properly, or from the method of 
plowing. With the elimination of 
the low, wet areas, more efficient 
production can be expected. 

It has been found that land tuo 
be graded should be taken out of 
crops for one year, in order that 
the grading can be done in the 
summer and fall months in favor- 
able weather. A grid survey is re- 
quired, to determine planned 
grades, cuts and fills, and cubic 
yards of earth to be moved. Before 
the design survey is made and con- 
struction begins, fields should be 
free of vegetation, and they should 
be plowed and smoothed. It is 
preferable that a rain settle the 
ground before the survey is begun. 

During the land grading, some 
split ditches are eliminated, the 
number depending upon their 
spacing and the size of fields eco- 
nomical to grade as single units. 
Ditches parallel to the row direc- 
tion which must remain are 
changed to V-type lateral ditches 
with slopes flat enough to be main- 
tained by mowing or with a motor 
grader. 

Surface field ditches are built 
across the rows to convey row 





Sugarcane on Frank Carruth, Jr.’s land-shaped and graded field in the Upper 


Delta SCD. 


water to the V-type laterals. These 
surface field ditches replace the old 
quarter drains. Normally, 1 sur- 
face field ditch will replace 2 to 5 
quarter drains. In this way, an 
additional 5 to 10 percent of usable 
farm land can be acquired by land 
grading. 

The surface field ditches are 
shallow, V-type ditches with slopes 
flat enough for cultivating and 
harvesting equipment to cross. Be- 
eause of frequent crossing and ab- 
sence of vegetation, they need 
cleaning out more often than the 
‘V-type laterals. 

Surface field ditches determine 
the number of V-type laterals 
needed in a graded field. Field 
ditches should be limited in length 
to drainage of 600 to 800 feet in 
one direction; but where a field 
ditch drains in both directions, 
V-type laterals can be as much as 
1,200 to 1,600 feet apart. 

Many types of earthmoving 
equipment are used in the grading 
job, including large scrapers 
pulled by track-type tractors and 
smaller scrapers pulled by wheel 
tractors. The first type ordinarily 
is used by contractors and the lat- 
ter by farmers using their own 


equipment. After the field is cut 
to the planned grade, a land plane 
is used to smooth the field. Three 
hundred to four hundred cubic 
yards of dirt are moved per acre, 
on the average, at a ‘‘turnkey job’’ 
cost of 25 to 30 cents per cubic 
yard. 


Farmers in the Upper Delta dis- 
trict, which includes both the West 
Baton Rouge and Pointe Coupee 
parishes, have completed land 
grading on approximately 200 
acres. Cooperators Ben C. Duvall, 
who has graded 20 acres, and M. J. 
Kahao, who has graded 50 acres, 
reflect the reaction of local land- 
owners to the new water manage- 
ment system. Both stated they 
thought the yield resulting from 
the improved water management 
on their sugarcane land would pay 
for the cost of the precision land 
grading in 4 to 5 years. 


No accurate figures are yet avail- 
able generally on increase in yields 
as a result of land grading and 
V-type ditching. But all the 
farmers who have done this type 
of work have indicated they are 
well pleased with its reduced main- 
tenance costs and other benefits. 





279 








The St. Anthony Falls 
Hydraulic Laboratory 


UMEROUS improvements of 
N existing designs for hydrau- 
lie structures and many new types 
of structures for the conservation 
and control of soil and water have 
been developed at the St. Anthony 
Falls Hydraulic Laboratory. The 
Laboratory is located at the Uni- 
versity of Minnesota, where the 
Laboratory, the Minnesota Agricul- 
tural Experiment Station, and the 
Agricultural Research Service co- 
operate to solve problems for the 
Soil Conservation Service. 

The hood inlet for pipe spill- 
ways, now used so frequently for 
farm ponds, was developed at this 
laboratory. Previously a drop-inlet 
spillway was the only structure 
available to carry the frequent 
small flows that drown and destroy 
the lining of vegetated emergency 
spillways. 

Researchers at Oregon State 
College had found a way to increase 
the flow capacity of highway cul- 
verts by extending the roof over the 
entrance apron. ARS engineers at 
the St. Anthony Falls laboratory 
and an SCS engineer, M. M. Culp, 
saw the tremendous potentialities 
of the Oregon inlet. They cut a 
pipe on an angle of 37° and laid 
it with the long side on top, then 
placed a shield over it to form a 
hood over the pipe entrance. The 
resultant hood inlet is an old story 
now. Developed solely with SCS 
use in mind, this inlet now is being 
adopted by highway engineers as a 
culvert entrance. 

The ARS research at the St. 


Note:—The author is hydraulic engineer, 
Agricultural Research Service, Minneapolis, 
Minn. 
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By Fred W. Blaisdell 


Anthony Falls laboratory was 
begun in 1940 at the request of the 
SCS because scour had under- 
mined the outlet end of many of the 
drop-inlet spillways then in use. 
This scour was endangering many 
structures. Research was needed to 
protect existing structures and to 
design new structures, 

The initial work on outlets led 
to the development of the St. 
Anthony Falls stilling basin for use 
at the exit of culverts, chutes, and 
dams. The SAF stilling basin has 
chute blocks at the entrance of the 
basin to break the entering stream 
into a number of jets, floor blocks 
to create turbulence that will use 
up the destructive energy of the 


flow before it is discharged into the 
stream channel, and an end sill to 
direct the bottom currents upward 
away from the streambed and thus 
prevent scour damage to the bed. 

Although the SAF stilling basin 
is used for some of the smaller 
structures where the soil is very 
erodible, it is used primarily for 
flood prevention dams built by 
SCS. The first non-experimental 
SAF stilling basin was built by 
SCS in Crawford County, Iowa. It 
has since been used extensively by 
other Federal and State agencies, 
both in the United States and in 
foreign countries. 

The facilities of the St. Anthony 
Falls Hydraulic Laboratory are 





The St. Anthony Falls Hydraulic Laboratory and surrounding area. 
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well adapted to the type of re- 
search being conducted there, The 
laboratory is located on Hennepin 
{sland at the St. Anthony Falls in 
the heart of Minneapolis. The 
Mississippi River has a fall of 50 
feet at the laboratory site, and this 
entire fall is available for labora- 
tory experiments. Water for most 
of the experiments is diverted from 
the Mississippi River above the falls 
and is returned to the river below 
the falls. 

The Minnesota State Legislature 
granted the University of Minne- 
sota and the Laboratory the right 
to draw three millpower—the water 
required to operate three flour mills 
—continuously from the river at 
any time. This amounts to about 
40 eubic feet per second; but 
the Laboratory is designed to use 
300 cubie feet per second when this 
amount of water is available and is 
needed. 

The laboratory building is six 
stories high, Built into the falls as 
it is, four of the stories are below 
the upstream level of the river. As 
a result, gravity flow of water is 
available throughout most of the 
laboratory. The upper levels are 
used for offices. 

An unique feature of the physical 
plant is a pair of large volumetric 
tanks located outside the labora- 
tory. Water from many of the ex- 
periments can be diverted into 
these tanks and measured contin- 
uously with an accuracy of better 








Flow conditions at junction of concrete lined ditches on Whiting Field Naval 
Air Station are simulated for testing at the St. Anthony Falls Laboratory. 


than one-fourth of one percent. 
Similar tanks on scales are located 
inside the laboratory and are avail- 
able for measuring flows up to 
about 10 ecubie feet per second. 
When especially precise work is 
necessary, the means are available 
to accomplish it! 

The opportunity to consult with 
other experts when special prob- 
lems arise contributes much to the 
efficiency of laboratory operations. 
A staff of specialists in erosion, 
sediment transportation, pipe hy- 
draulics, hydraulic machinery, 
theoretical hydraulics, model oper- 
ation, ete., is always available for 





consultation at the St. Anthony 
Falls laboratory, an asset equal to 
the excellent physical plant. Tech- 
nicians and skilled mechanical help 
are also available to the ARS re- 
searchers as they are needed. 

One of the research jobs recently 
eompleted was a study of the hy- 
draulic energy losses at junctions 
of agricultural drain tile. 

Formerly it was thought neces- 
sary to join a lateral drain line to 
the main line at a flat angle in 
order to reduce the loss of energy 
eaused by the junction. This flat. 
junction angle frequently required 
a hand-fitted curve in the lateral 
near the junction. Chipping the 
tile to form the curve and the hand 
digging required to shape the ditch 
were time consuming and expen- 
sive. The research on the hydrau- 
lies of agricultural drain tile junc- 
tions shows that all this handwork 
is unnecessary. The results ob- 
tained indicate that the best angle 
to use to join a lateral to a main is 
the most convenient angle, whether 
it be 30°, 45°, or 90°. 

Another interesting study at the 
laboratory was the development of 
a new outlet for a straight drop 
spillway where scour endangers the 
outlet. During the course of the 
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SSA 


Earthen dam, box culvert, chute, and SAF stilling basin for a floodwater retard- 
ing structure that has a county road crossing the dam in Ventura County, Calif. 


study, it was discovered that tail- 
water levels higher than normal 
cause excessive scour downstream 
from the stilling basin. This was 
a surprising finding, because it was 
contrary to the widely accepted 
idea that less scour occurred when 
the tailwater level was high. Re- 
search discovered the ‘‘why’’ of 
this unexpected phenomenon and 
developed design rules that pre- 
vent the occurrence of damaging 
scour in field structures. Ex- 
perience with this new straight 
drop spillway stilling basin in the 
erodible sandy soils of northern 
Florida has verified the efficiency 
and satisfactory performance pre- 
dicted by the laboratory models. 





No. 63 


This is the sixty-third of a series 
of articles to appear from time to 
time in explanation of the various 
phases of research being con- 
ducted by the Department of Ag- 
riculture on problems of soil and 
water conservation. 
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Twenty years ago, when the ARS 
group first started work on drop- 
inlet spillways, the hydraulics of 
closed conduit (pipe) spillways 
was not understood. The pipe spill- 
way is a simple structure, but its 
hydraulic performance is very 
complicated, 


ARS research developed a theory 
of the hydraulics of closed-conduit 
spillways, The theoretical studies 
have shown how the laws of hy- 
draulies are applied to the design 
of closed-conduit spillways, both in 
the laboratory and in the field. 


Model studies conducted on a 
large number of shapes of drop in- 
lets have developed many useful 
design criteria. The model studies 
have also shown how the spillway 
will perform and have helped 
answer such questions as: Will the 
barrel flow full, as it should for 
maximum efficiency ? Will the head- 
discharge curve show a single value 
for each head, or will several values 
of discharge oceur at certain heads 
to make impossible the determin- 
ation of the flow at any instant? 





These and other questions must 
be answered satisfactorily before a 
particular form of closed-conduit 
spillway can be recommended for 
use by the SCS in connection with 
farm ponds or flood detention 
reservoirs. The laboratory work 
must be done carefully, because a 
single recommendation affects 
hundreds of field structures. 

A two-way drop inlet with a flat 
anti-vortex plate is now receiving 
ARS attention at the St. Anthony 
Falls laboratory. Information on 
this type of structure is given 
highest priority by the SCS, be- 
cause it is being used extensively 
in connection with watershed pro- 
tection and flood prevention 
activities. 

Occasionally, model studies of 
specific streams or structures are 
undertaken. A good example was 
the design of the drainage system 
at a Naval Auxiliary Air Station 
at Milton, Fla. The resultant soil 
conservation structures prevented 
the destruction of an airfield worth 
many millions of dollars. 

Problems encountered and solved 
by the use of model structures in- 
clude entrances for concrete-lined 
ditches, high-velocity ditch exit 
structures, the joining together of 
streams flowing at high velocities, 
the joining of low-velocity streams 
to high-velocity streams, and grade- 
control structures for earth ditches. 


An idea of the necessity of model 
studies can be obtained from a 
single illustration. At one junction 
of a high-velocity stream with a 
low-velocity terrace outlet channel, 
the model studies showed that 
waves would overtop the original 
channel sidewalls by four feet. A 
new junction design was developed 
to insure that the flow could be con- 
tained within the channel walls. 

These are a few of the ways in 
which the Agricultural Research 
Service hydraulic engineers at the 
St.. Anthony Falls Hydraulic 
Laboratory in Minneapolis are 
helping to solve some of the prob- 
lems confronting the Soil Conser- 
vation Service. 
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Terrace Club Gets Results 


HE Grundy County Terrace 

Club is believed to be the 
first of its kind in the United 
States. Organized in 1950 by 21 
farmers cooperating with the 
Grundy Soil Conservation District 
in northeastern Iowa, it has con- 
tinued to grow in membership and 
effectiveness during the ensuing 
decade. Terracing, for example, 
has doubled as a result .of the 
club’s activities. 

To be eligible for membership, a 
farmer must have terraces on his 
farm. The farmers attending the 
first meeting were presented spe- 
cial charter-membership plaques 
by the district. Members enrolled 
since have been given framed mem- 
bership certificates by the club. 

‘‘The terrace club has helped me 
by my association with other con- 
servation farmers who are coping 
with the same problems I have en- 
countered in building and farming 
terraces,’’ says Gordon Davidson, 
an outstanding conservation 
farmer and first president of the 
club. ‘‘The gain over the years far 
outweighs the difficulties. We 
should use all the aids available to 
make the installation and farming 
of terraces easier.’’ 

Willard Dielschneider, another 
club member and district coopera- 
tor, says: ‘‘The club gives us a 
chance to talk over terrace prob- 
lems with others who have the same 
difficulties. It gives us a chance to 
compare notes, so to speak.’’ 

Assisting Soil Conservation 
Service engineers and other tech- 
nicians are enthusiastic about the 
terrace club, because it promotes 
conservation and helps get more 
terraces on the land. As area con- 





Note:—The author is work unit conservation- 


ist, Soil Conservation Service, Grundy Center, 
Towa. 


By Martin Max Hawk 


servationist J. Ross Oliver points 
out, ‘‘The elub has added some- 
thing which sets a terrace farmer 
apart, because each member feels 
he is a veteran in a very special 
way. Farmers just starting a con- 
servation program come as guests 
to the club meetings; they leave 
with a strong desire to be part of 
the club.”’ 

The terrace club, which elects 
officers each year, is self sup- 
porting through contributions 
from members, profits from din- 
ners, and other sources. It finances 
the purchase of membership cer- 
tifieates, and awards for such con- 
servation activities as speech con- 
tests, essay contests, and school 
conservation projects. It sponsors 
terrace demonstrations, terrace- 
building contests, and other activi- 
ties for the promotion of the ter- 
race program in the district. 

The club’s big event is its annual 
banquet. Each member brings his 
wife, and at least one prospective 
member and wife, as guests. There 
is a well-rounded program, high- 






lighted by a discussion panel of at 
least two club members, a soil con- 
servation district commissioner, 
and a Soil Conservation Service 
representative. Through this panel, 
members and guests present prob- 
lems for discussion. Speakers have 
included the governor of Iowa and 
members of the Iowa State Univer- 
sity staff. 

Terrace club members practice 
what they preach. Take Byron 
Johnson, for example. 

‘*By terracing and keeping the 
fertilizer on the hill where it 
belongs,’’ he says, ‘‘I harvested 
3,000 more bushels of corn from 74 
acres than was ever harvested be- 
fore, and I have the records to 
prove it.’’ 

Dubious at first, Johnson was 
persuaded by club members to ter- 
race his farm. 

SCS technicians believe the ter- 
race club has increased the appli- 
eation of terraces on the land in 
the Grundy district by at least 100 
percent, including the new cut- 
and-fill parallel terraces. 





First Terrace Club officers, left to right (front row): Pres. Gordon Davidson, 
Grundy Center; Dist. Commissr. James F. Petersen, Dike; (back row) Secy. 
Lester Rittgers, Cedar Falls; Dist. Commissr. Ralph Schildroth, Reinbeck; Dist. 
Commissr. W. R. Mitchell, Grundy Center; Vice Pres. Luther Brindle, Whitten. 
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Soil Mechanics 









In Soil and Water Conservation 


T HE fact that soil as a prime 
construction or foundation 
material is used in more soil and 
water conservation engineering 
projects than is any other building 
material means that soil-mechanics 
tests and analyses are needed in 
developing most such projects. 

For engineering purposes, soil 
may consist of any mixture of par- 
ticles ranging in size from the 
finest clay to cobbles and boulders. 
A natural soil deposit may be 
used in place as support for a 
structure, or it may be excavated, 
reworked, and compacted into an 
earth dam. Variable factors such 
as those related to composition, 
depth, geologic origin, and the 
history and proposed use of soils 
all affect their behavior character- 
istics. 





Consolidation apparatus for finding 
soil compressibility. 
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By Rey S. Decker 


To be used by design and con- 
struction engineers, these charac- 
teristics must be interpreted in 
terms of specific values of strength, 
compressibility, water conduction, 
bearing capacity, compactibility, 
and related physical and structural 
properties. The soil-mechanics and 
soil-engineering investigations and 
analyses, dating from about 1925, 
provide the data necessary to pre- 
dict how a given mass of soil be- 
neath or in a structure will react 
under different conditions and 
functional requirements. 

The engineering properties of 
soils must be evaluated for the 
safe, yet economical, design of such 
projects as earth dams, concrete or 
masonry dams founded on soil, 
irrigation and drainage canals, 
flood-control levees and dikes, 
stream-channel rehabilitation, and 
sealing leaky reservoirs and ponds. 

Soil also is the most variable 
material involved in the en- 
gineering projects. The composi- 
tion and properties of soils often 
change with depth and within 
small areas, because of their varied 
formation and geologie origin. All 
have different physical character- 
istics and engineering properties; 
but for most projects the soil must 
be used as it occurs on a given site, 
and the evaluation of its properties 
and the determination of adequate 
design values are difficult and com- 
plex. 

Site investigations for prelimi- 
nary evaluation of soil character- 
isties and collection of samples are 
made by Soil Conservation Service 
field geologists and engineers. Un- 
disturbed core samples of founda- 
tion materials, bag samples of 





Compaction test by machine method. 


material to be excavated or used 
for construction, and all pertinent 
data are sent for testing and evalu- 
ation to the Service’s Soil Me- 
chanies Laboratory at Lincoln, 
Nebr., or to testing sections in 
Portland, Oreg., Fort Worth, Tex., 
and Spartanburg, S. C. 

Standard index and classifica- 
tion tests are run on most samples. 
These tests include particle-size 
distribution by sieve and hydrome- 
ter analyses and Atterberg limit 
tests. These tests form the basis 
for classifying soils by the Unified 
Soil Classification System. Other 
index tests on selected samples in- 
elude specific gravity, soluble salt 
content, and dispersion ratio. Unit 
weight and moisture determina- 
tions are made on all undisturbed 
samples. The index tests provide a 
basis for general characterization 
of variations in materials and 
properties of all the samples, and 





Note:—The author is head, Soil Mechanics 
 ~ ereaa Soil Conservation Service, Lincoln, 
ebr. 
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for correlating field classification 
and geologic descriptions. 
Moisture-density or compaction 
tests are performed on materials 
to be placed in embankments and 
backfills, to provide a soil-density 
standard for additional tests and 
for construction control. 
Complex tests are run on selec- 
ted samples to determine specific 
engineering values which are con- 
sidered necessary for the solution 
of design or construction problems 
at a specific site. These complex 
tests may include: Permeability 
tests on undisturbed foundation 
or compacted material, to deter- 
mine the rate at which water moves 
through the soil; consolidation 
tests, to provide information for 
estimating the vertical movement 





(Foreground) Atterberg soii-plasticity 
test; (background) hydrometer method 
for determining soil grain size. 


or compression in an embankment 
or foundation and the horizontal 
movement in plastic foundations 
under dams; and shear tests, to de- 
termine the strength of embank- 
ment, backfill, and foundation 





materials. 

Other laboratory tests also are 
made to meet special problems. 
Test and other information on a 
specific site is evaluated and ana- 
lvzed, and included in_ reports 
making recommendations covering 
the soil-engineering aspects of the 
project. 

During the 1959-60 fiscal year, 
7,450 samples from about 470 proj- 
ects were processed in the Lincoln 
laboratory and approximatel) 
3,200 samples from nearly 350 sites 
were processed in the three testing 
sections, for a total of approxi- 
mately 10,650 samples from more 
than 800 projects in 37 States and 
Puerto Rico. About 90 percent 
were flood-prevention and water- 
shed-protection structures. 


Hydrologists Keep Track of the Water 


H™ water affects soil and 
water conservation work 
from the time precipitation falls 
as rain or snow until it returns to 
the atmosphere in the completed 
hydrological cycle is a matter of 
primary concern in farm and 
watershed conservation planning. 
Dependable answers to water be- 
havior and effects are of basic im- 
portance in locating and designing 
floodwater-retention structures in 
small watersheds, and in predeter- 
mining the water management as- 
pects of various other conservation 
measures on farms and ranches. 
Soil Conservation Service hydrol- 
ogists supply those answers to 
small-watershed organizations, 
farmer-organized and farmer-oper- 
ated Soil Conservation Districts, 
and others with whom the Service is 
assigned responsibility to work in 


Note:—The author is head, Central Technical 
Unit, Soil Conservation Service, Beltsville, Md. 


By R. G. Andrews 


land use and water management 
improvement. 

Hydrologic studies, like soil 
surveys and geological investiga- 
tions, precede and are basic to 
sound planning of conservation 
structures and other works of im- 
provement. They all directly help 
communities and group or indi- 
vidual landowners to avoid hit-or- 
miss project undertakings that 
otherwise might turn out to be 
unsatisfactory and costly. 

Many of the latest concepts and 
theories of hydrology have resulted 
from interest in the effects of soil 
conservation land treatment and 
water management programs. The 
data collected by the soil conserva- 
tion research stations (later trans- 
ferred to the Agricultural Re- 
search Service) were used by the 
hydrologists to improve the tools 
of soil and water conservation and 
to develop new ones. Although 
many of these tools used today by 


conservation engineers and other 
conservation technicians are in the 
form of simplified charts, tables, 
maps, and graphs, they are based 
on extensive hydrologic data and 
computations. 

The steadily increasing number 
of loeal-State-Federal flood pre- 
vention and watershed protection 
projects has greatly increased the 
demand for hydrologic informa- 
tion. SCS hydrologists are called 
upon to compute from meteorologic 
and watershed data a complete 
flood history of the watershed, in- 
eluding such pertinent facts as 
acreages subject to flooding. They 
also caleulate acreages on which 
flooding would have been pre- 
vented if floodwater-retarding 
structures or channel work had 
been in place. Based on these 
findings, and the estimated cost of 
the structural measures, it is de- 
cided whether the proposed pro- 
gram is justified. 
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Engineering Aid Bill Thomas reads 
rain gage, one source of hydrologic 


data, near a damsite in Upper Hock- 
ing pilot watershed project in Fairfield 
CD, Lancaster, Ohio. 


The hydrologic design of flood- 
water-retarding structures re- 
quires, for example, that the de- 
tention storage capacity and flood- 
water-release rates be properly 
proportioned, so that the emer- 
gency spillway is not subject to 
destructive erosion. On the other 
hand, the release rates must not be 
so great that a large number of 
structures releasing water simul- 
taneously will cause prolonged 
flooding or swamping of areas ad- 
jacent to stream channels. 

The relationship between the de- 
tention storage, the maximum 
storage to the top of the dam (sur- 
charge storage), and the capacity 
of the emergency spillway must be 
such that the runoff from the 
largest storm that can reasonably 
be expected in the area will not 
cause failure of the structure. 
These pieces must be fitted together 
like those of a jigsaw puzzle, to 
make sure that the floodwater- 
retarding structure will be built 
for the least amount of money and 
located at a site that will produce 
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the most benefits. 

If the storage of domestic or 
irrigation water is involved, the 
hydrologic problems that must be 
solved inerease. The SCS ecur- 
rently is cooperating in the work 
of the U.S. river basin study com- 
missions and river compact com- 
missions, in municipal and irriga- 
tion water supply studies, and in 
other undertakings in this impor- 
tant field. 

A question often asked is: 
‘*What effect will the land treat- 
ment, flood prevention, and water- 
shed protection programs have on 


the available supply of water for 
downstream use at some specific 
date in the future?’’ 

Preliminary studies indicate that 
there is no apparent reduction in 
downstream water yield as a result 
of this work, but a precise answer 
to a question of such broad import 
must await still more extensive soil 
and water conservation application 
than that which has been accom- 
plished so far. Meanwhile, hydro- 
logie investigations continue to be 
basic in the technology that is help- 
ing to conserve the Nation’s soil 
and water resources. 


Bulbs Can't Stand 
Wet Feet 


By Andrew Linn 


OES improved drainage pay 
D in dollars and cents? ‘‘ Yes,”’ 
says Harold Knutson, well-known 
bulb grower in western Washing- 
ton’s Puyallup Valley. 

While looking over a field of 


bulbs near his house where a com- 
plete tile drainage system was in- 
stalled last year, he commented: ‘‘T 
lost 4 acres of bulbs in this 14- 
acre field one year because they 
drowned out.’’ 





Knutson, left, and Alfred Scholz in field of daffodils. 
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Ditch that will provide tile-drain out- 
let for Knutson‘s and four other farms. 


Four acres of bulbs doesn’t mean 
a few dollars, but thousands of 
dollars. The cost of certain plant 
ing stock can run from $1,000 to 
$1,500 an acre. This figure does not 
include preparing the ground, 
labor, fertilizing, and the other 
costs of getting an acre of ground 
into production. 

Knutson farms 600 aeres in the 
fertile valley near Sumner and 
Puyallup. Most of his efforts go 
into the production of iris, tulip, 
and daffodil bulbs. He also pro- 


duces rhubarb and raises beef 
cattle. 
He is a cooperator with the 


Pieree County Soil Conservation 
District. In the past 2 years, he 
has installed, with the technical 
help of the Soil Conservation 
Service, 7,800 lineal feet of tile, 
which has benefited 51 acres of 
valuable bulb land. 

Up to the time the Pierce 
County district was formed in 
July 1949, there was little tile 
drainage in the Puyallup Valley. 
Now, farmers are realizing the im- 
portance of good drainage on their 
bulb and other cropland and are 
installing more tile systems each 
year. The Agricultural Stabiliza- 
tion and Conservation Committee 
usually shares up to half the cost 
of this permanent conservation 
practice, and the SCS is respons- 








Note:—The author is agricultural engineer, 
Soil Conservation Service, Snohomish, Wash. 





ible for the technical phases. 

Experience in an area and basic 
design criteria enable the techni- 
cian to determine the diameter, 
depth, and spacing of a tile system. 
For example, a sandy soil will 
allow water to filter through easier 
and faster than a clay soil, thus 
allowing wider spacing between 
the lines. A tile line must have a 
minimum cover adequate to protect 
it from heavy machinery and till- 
age operations. Shavings, sawdust, 
or wood chips are filled in the 
trench 10 to 12 inches above the top 
of the tile, and soil is then back- 
filled over the filter material. 

SCS technicians stake, survey, 
and design the drainage system. 
When the contractor moves in, he 
is given the grades and cuts of all 
the tile lines to be installed in the 
field. The technicians also check 
the installation as the drain is laid, 
and, when the installation is com- 
plete, take compass bearings to de- 
seribe the lines. A map of the in- 
stallation is made and becomes a 
part of the landowner’s conserva- 
tion farm plan, so he can locate 
his tile lines in years to come with 
such simple tools as a compass and 
tape measure. 

In Pierce County, the completely 
installed cost of a 6-inch tile line 
averages 60¢ a lineal foot. The 
quality of tile used in such a 
permanent installation must meet 





Laying tile in freshly dug trench. 





An improved 14-acre bulb field after 
heavy rains with no water damage. 


definite specifications. Cost of tile 
drainage can range from $50 to 
$250 an acre, depending upon the 
field conditions. 

Knutson, finding himself in need 
of new bulb ground, recently 
located a farm which, because of 
poor drainage, was used for some 
pasture and shallow-rooted vege- 
tables. After consulting the SCS 
on its drainage improvement pos- 
sibilities, he bought the place and 
is starting drainage improvement 
as part of his conservation program 
that will enable him to grow bulbs 
successfully. In order to do this, 
he needed a large ditch which 
would outlet through five farms. 
The arrangement was worked out 
through cooperation with his 
neighbors and the ASC office in a 
pooling agreement. Next year, he 
will start installing a system of tile 
feeder lines to the main drain ditch. 

When asked what this improved 
water management means on this 
farm in dollars and cents, Knutson 
said: ‘‘Bulbs were tried on this 
placed several years ago and the 
farmer lost heavily. Without this 
ditch the place is worthless.’’ 


° 


‘‘Land Use in a Changing Agri- 
culture’’ is the theme of the 16th 
annual meeting of the Soil Con- 
servation Society of America at 
Purdue University, Lafayette, Ind., 
July 30-August 2, 1961. 


* 
National Farm Safety Week is 
being observed July 23-29, 1961. 
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LAND, WATER & PEOPLE—A 
HISTORY OF THE NATIONAL 
ASSOCIATION OF SOIL CON- 
SERVATION DISTRICTS, By 
Otis Tossett, assisted by Joe 
Douthit, 143 pp. Illus. 1961. The 
Soil Conservation Districts Foun- 
dation, Inc.: League City, Tex. 
$3. 


Two active participants in the 
nearly 25-year-old nationwide soil 
conservation districts program re- 
cord key steps in ‘‘the history of a 
movement and an _ organization 
which plays a vital role in proper 
land use.’’ In 10 chapters, the au- 
thor sketches the development and 
operation of the National Associa- 
tion of Soil Conservation Districts 
and its Women’s Auxiliary. The de- 
scription of events is sufficiently 
complete to provide an under- 
standing of what happened, the 
leading participants, and the un- 
derlying causes for organization of 
the NASCD. A 62-page appendix 
includes a statement of the objec- 
tives and policies of the Associa- 
tion, the cover and signatures on 
the organization’s first constitu- 
tion,- a list of officers by years, 
and the programs of the 14 annual 
conventions from 1947 to 1960. 

The primary job of the NASCD 


288 


in helping individual districts in- 
crease their usefulness is described 
in categories including information 
and educational help and _ the 
‘*Program for Greater Service.’’ 

Several programs the national 
association has helped to develop 
are described. They include: Soil 
Stewardship Week, the Goodyear 
Contest on district operations, the 
Farm Equipment Dealer—District 
Program, land jgdéet 
4-H conservatioh Pigg 
vation educatiog with 
District 
others. 

Special reco 
the late E. C. ) 
dent of NASCD, the late President 
Waters S. Davis, Jr., and the late 
Dr. Hugh H. Bennett, first chief 
of the Soil Conservation Service. 

One chapter, on ‘‘Distriect Or- 
ganization Summary,’’ reviews the 
development of the model act 
which served as a basis for enact- 
ment of State soil conservation dis- 
trict laws between 1937 and 1947. 
Another chapter, on ‘‘Conserva- 
tion Battlegrounds,’’ describes sev- 
eral major issues relating to prog- 
ress in conservation in which the 
work of the Association was the 
deciding factor. 

This work should be useful to all 
who are interested in this subject 
vitally significant to our Nation’s 
welfare, even though some events 
and leaders were overlooked or not 
known about by the author. 

For an understanding of key 


oy Scouts, 


MOB RARY 


newslefter congdgiN, a9 9, 
ition DN EdROT a 


happenings in the development of 
soil conservation districts, and key 
events and leaders in the evolution 
of the NASCD as the spokesman 
of progressive soil and water con- 
servation farmers and ranchers 
throughout the Nation, this book 
should be of use not only to soil 
conservation district supervisors, 
directors, or commissioners, but to 
everyone concerned with soil and 
=onservation. 





—T. L. Gaston 


ve You Seen?... 





@ Better Hunting and Fishing on 
Small Watershed Projects, pub- 
lished by the Fish and Wildlife 
Service, with photographs and 
other material from the Soil Con- 
servation Service. It explains how 
developments benefiting fish and 
wildlife can be incorporated into 
the planning of a small watershed 
project, and what Federal aid is 
available. 


@ Conservation Help for Builders, 
Developers, and Contractors, a new 
booklet prepared by the Virginia 
Association of Soil Conservation 
Districts. It describes the kinds of 
help available to builders from 
Virginia soil conservation districts, 
relates problems that may be en- 


countered without conservation 
help, and gives some ‘‘ground 
rules’’ for builders to follow in 


eliminating those problems. 
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SOIL CONSERVATION SERVICE 


SOIL CONSERVATION—INDEX TO VOLUME XXVI 


Avousr 1960 To Jury 1961 


ACPS cost-sharing aid— Page 
channel improvement (Calif.).........----- 211 
dam building (Idaho) 214 
Nila tinin Anininedemminacs inmate 71 
irrigation improvements (Idaho) 129 
liming acid soils (Mich.)_.........-.------- 14 
mountain meadow renovation (Calif.)_._.__- 128 
pond construction (Idaho) 
range improvement (Idaho) 
rangeland seeding (Okla.)_........--------- 
seed harvesting (Okla.).................--- 
terracing, pond construction, tree planting 

tS a are A ae 5 

Ce GE Cina ka scwcectscnensosa 287 

tree seeding by helicopter (Wash.)_-.------- 92 

water development (N. Mex.)_.-.--.------- 10 

wildlife improvement (Kans.)_....--------- 187 
Apter, Rupoupn: The Soil and Its Fertility. 
With Henry Teuscher and Jerome P. Seaton. 


Aanew, LarKIn B.— 
How To Install a Pipe Overfall 
New Water Management System 
Agnew, W. M., harvests catfish from stockwater 


Agronomy, progress report 
Airplanes— 
fertilizing floodwater-retarding structures with 
CR Bic mcckignaedanieatnbidiianineminktmecon 213 
tree seeding by helicopter (Wash.)...------- 91-92 
Alabama— 
Greene County, beaver pond grows duck 


parallel terracing 
Alfalfa— 
and grasses recondition land, increase hay 
27, 111-112 


ALLRED, B. W.: review of— 
Adventures in Ecology 
Private Grazing and Public Lands 
Autnovusse, Paut M.: Biochemistry of Plants 
and Animals. With M. Frank Mallette and 
Carl O. Clagett. Review 
Atverson, Kent: Saga of the Sand Dunes... 12-14 
ANDERSON, CuiInToN P.: Grass can make 
beautiful. Quotation 
Anperson, H. Osert: The Big 40. With R. 


AnpersON, Rosert §.: Multiple Benefits on 
the Shakopee . 206-207 
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AnprEws, R. G.: Hydrologists Keep Track of Page 
the Water 
ArcHER, SELLERS: Flood Problems on Florida 
Flatlands 
Arizona, Coconino County, wheatgrasses do a 
j 237-239 
Arkansas Farmers Like Sericea Lespedeza. 
Wilson W. Ferguson 233-234 
ARS— 
and SCS Use Portable Hydraulic Channel__. 80-81 
cooperates in river basin surveys 
gives radiological monitoring training 
helps devise improved drainage pattern_._.. 278-279 
need for devising improvements faster 
research. See Research Series. 
AsHBAuGH, Brron L.— 
receives Conservation Education award 
Things To Do in Science and Conservation. 
With Muriel Beuschlein. Review 
Award (s)— 
Conservation Education, presentation 
Outstanding Conservation Farmer 
to SCS employees, 1960 187, 192 
Baxer, Eart R.: Cranberry Production in 
the Pacific Northwest 
Balmforth, Sid, master pond builder 
Banker(s)— 
Awards program initiated by F. 8. Hurd 
Back SCD All the Way 
view of conservation plans 
Barby, Ralph, builds conservation ranch 
Barclay, Judson, Jr., brings more wildlife to his 


Barnett, A. P.: Erosion on Piedmont Soils. 
With B. H. Hendrickson 

Bearp, JoHn C.: 5,629 Cooperators 

Beaty, Atrrep E.: review of Things To Do in 
Science and Conservation 192 

BENNETT, HucH Hammonp— 
1880-1960. Wellington Brink 51-52 
displays garden produce. Cover picture [50] 
keeping our land productive. Quotation....  [74/ 
memorialized in soils professorship 251 
productive land is our base. Quotation [50] 
SCS technicians are land doctors. Quotation. 148 
What Others Say About 

Bennett, Witi1am A.: Dragline Irrigation for 
Apple Orchards 





ey Page 
Benson, Ezra Taft, quotation on Hugh Bennett_ 53 
Bermuda Pays Big. Bernice DeShong 236-237 
Beuschlein, Muriel— 

receives Conservation Education award 

Things To Do in Science and Conservation. 

With Byron L. Ashbaugh. Review 

Big 40. H. Obert Anderson and R. K. 

Lawson 
Biochemistry of Plants and Animals. Review 

by B. D. Blakely 
Birdsfoot Trefoil Pastures in Iowa. John K. 


Bserrvum, L.: From Theory to Practice in Soil 
Mechanics. With A. Casagrande, R. B. Peck, 
and A. W. Skempton. i 
BLAISDELL, Frep W.— 
designs portable hydraulic channel 
St. Anthony Falls Hydraulic Laboratory... 280-882 
Buake.y, B. D.: review of Biochemistry of 
Plants and Animals 
Boppy, Hzers— 
19 Years of Conservation Pays 
Alternate-Row Seeding of Grasses 
pO ee ae 89-91 
BorekeEr, Harotp M.: A Conservation Plan for 
1,500 Cattle and 100,000 Deer. With Ellis F. 
| EEE FT: er eee 177-178 
Book Designer Turns Conservationist. Lester 


Book Reviews. See Reviews. 
Boongt, Dan: Pine Trees for Cotton. With 
Claude K. Compton 252-254 
Boy Scouts of America— 
carry out conservation plan (Tex.)__---- 65-66 
conservation activities, present and future_. 63-65 
Braprorp, Harotp W.: Dam Overhauled By 
“Arctic” Engineering. With Truman G. 
Spannagel 270-272 
Brapy, Nytze C.: The Nature and Properties 
of Soils. WithHarry O.Buckman. Review. 47 
BREDEMEIER, LorENz F.: Sandhills Ranchers 
Go for Trees. With Walt Ekdahl and Donell 
D. Sylvester 250-251 
Briggs, Ezra, comments on district program --- 17 
Brooks, Davin C.: Hunting Preserve in 
i 256-257 


Brush control— 
Land Improvement Through. Harry M. 


root-plowing and reseeding (Tex.)_--_-_---- 188-189 
seeding trees by helicopter (Wash.)--...----- 91-92 
Bryant, John M., of California, District Profile. 


Buckman, Harry O.: The Nature and Proper- 
ties of Soils. With Nyle C. Brady. Review- 

Bours, Evcene C.: Watershed Structures Call 
for Major Engineering Planning. With 
Carroll A. Reese 

Bulbs Can’t Stand Wet Feet. Andrew Linn. 286-287 

Butiock, ARNOLD E.: Taming the Pit River. 210-211 


276-278 


Byrp, Morris: Browntopmillet for Wildlife. 
With W. C. Young 


Cater, Wester: Private Grazing and Public 
Lands. Review 239-240 
California— 
John M. Bryant, District Profile 
farm zoning districts 
geologic studies help solve sediment problem. 273 
Mendocino County, erosion control on wood- 
262-263 
Modoc County, meadow renovation 
program 127-128 
Pit River, channel improvement 210-211 
Sonoma County, benefits of conservation 


Canadian land not farmed to best advantage - - - - 
Careers in Conservation. Soil Conservation So- 
ciety of America. Review 
CasAGRANDE, A.: From Theory to Practice in 
Soil Mechanics. With L. Bjerrum, R. B. Peck, 
and A. W. Skempton. Review 
Cattle— 
in Florida 
more profitable than wheat (S. Dak.)-_------- 42-43 
gS a ae, eee ae 30, 144 
on irrigated farmlands 211 
operation on the Ralph Barby Ranch (Okla.). 86-88 
Charlotte Observer, quotation on Hugh Bennett__- 53 
CureneEy, Howarp V.: Pheasants—By the 
Hundreds 
CuurcH, Ronatp: A Faithful Soil Steward. 
District Profile 
Cuiacett, Cart O.: Biochemistry of Plants 
and Animals. With M. Frank Mallette and 
Paul M. Althouse. Review 
Cuark, Ina: Good Grassland Management—A 
Family Tradition 
Ciawson, Marion: Land for the Future. 
With R. Burnell Held and Charles H. Stod- 
dard. Review 
Ciements, Epire §.: Adventures in Ecology. 


CiepreR, Henry: American Forestry—Six 
Decades of Growth. With Arthur B. Meyer. 


Colorado— 

Colorado Springs, Boy Scout Jamboree 

irrigation system modernized 

Kiowa watershed serves as pilot 

mountain meadow improvement studies... 135-136 

Rio Grande National Forest, sheep grazing. 

Cover picture 

White River Plateau, range improvement... 177-178 
Community Push Gets Trees Planted. Eudis 

Singleton 
Compton, CLaupE K.: Pine Trees for Cotton— 

Sound Land Use, Profit. With Dan Boone. 252-254 
Connecticut— 

Bethel, book designer turns conservationist... 22-23 

Fairfield County, better Christmas trees... 258-259 
Conservation— 

activities of the Boy Scouts of America 








Conservation—Continued Page 
Bivouac—The Fifth Boy Scout Jamboree. 
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education. See Education, conservation. 
Help for Builders, Developers, and Contrac- 

tors. Virginia SCD Association. Review. 288 
interdependency of all programs. Quotation. [242] 
of Natural Resources. Review by Phoebe 
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Needs Inventory— 
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participants, SCS assistance to in 1960- -- 164 
Contour farming— 
a beautiful sight. Quotation..........----- [266] 
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Contractor Plays “Boy At the Dike’’_..._.--- 67 
Cooper, Cal, likes dragline irrigation (Wash.)_.. 84~85 
Cooperators— 
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Corn— 
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Continuous, Needs Proper Management- ---- 95 
hybrid, acres planted in 1960_.......-..---- 144 
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stalks shred to cut erosion losses (Ind.)-_--.--- 232 
Cottontails and Bobwhites—On a Cattle Farm. 
Dalton Rushing and R. D. Fisher__.-_---- 190-191 
Covucuran, Joz: More Quail and Deer on a 
aid cane etniuennenndasndeeiien 188-189 
Cover crops reduce soil and water losses-_----.. 33 
Corte, James J.: A New Look For Terraced 
Pi inntcotknnnnt oe meiaanennaebeln 268-270 
CrasTrReE, Roe D.: Building Soil With 
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Cranberry Production in the Pacific Northwest. 
| ES S08 A ON PLE, of. 54-56 
Cropping, continuous, nitrogen key to success - - ll 


CrowLey, Cuiaupe D.: They Farm _ the 
Bottomlands Again on Johnson Creek 


RRL AE EE AS SE Pa 140-141 
Daily Plainsman, quotation on Hugh Bennett-- 53 
Daz, Tom— 

BF Fe id kctiesdcecniivtidiaiwotiisindd 240 

review of Power To Produce: The Yearbook 

OP ApS, WCE cadcccsdscusnacccsus 119 
Dam(s)— 

fertilizing by airplane (La.).........---.--- 213 

Mulching Flood Prevention Structures - - - --- 38-39 

on Johnson Creek watershed (Tenn.)_.---- 140-141 

on Kiowa Creek (Colo.)................... 197 


Overhauled By “Arctic”? Engineering. Harold 
W. Bradford and Truman G. Spannagel_. 270-272 
Danyow, Orville, develops marsh for wildlife. 174-175 
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Darx, CiEo: District Profile, Carl E. Hicks Page 


OF Femeiek c e dt sec ce 166-167 
Davis, Davip 0.— 
Land Judging Contests............------ 224-226 
Union County Swings from Livestock to Dust 
to Livestock. With Paul N. Miller_-_----- 9-11 


Davis, T. J.: Healing a Gully. Picture story. 79 
Davison, Donatp N.: Saving and Using the 


Runoff. With Verl G. King--.---.------ 214-215 
Decker, Rey §.: Soil Mechanics in Soil and. 

Water Conservetion..........2c000disd62i.. 284-285 
DersHonea, BERNICE— 
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Drerks, Ernest: Strip Mine Becomes Wild- 

ee aa ae! BET, Tse | 175-176 
District (s)— 
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Profile. See Profile, District. 
Soil Conservation. See Soil Conservation 
Districts. 

Dovrtuit, Jor: Land, Water & People. With 
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improvements in Louisiana_........------ 278-279 

practices, progress in 1960__.....-.------ 161-162 
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Ducks. See Wildlife. 
Dunn, LynpteE: Ranch for cattle and deer. 
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Etwe.tt, Harry M.: Land Improvement 

Through Brush Control__..-.-.-.---------- 56-59 
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plans. See Plan(s), conservation. 
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